Résumé. -On étudie les propriétés mésomorphes de divers azobenzènes substitués en para par des chaînes n-alkyles ou n-alkoxy. Les Abstract. - The mesomorphic properties of various terminally alkyl and/or alkoxy substituted azobenzenes are investigated. The non-polar dialkylazobenzenes have nematic and smectic A phases.
For each alkyl group that is replaced by an alkoxy group (thus introducing an outboard dipole moment) the tendency to form a smectic C phase is increased. These results can be rationalized in terms of a dipole model of the smectic C phase, and do not support the idea that this phase occurs mainly because of steric interactions between zig-zag shaped molecules. In the case of only one outboard dipole moment there are two possibilities for a model with dipole interaction, one of which has ferroelectric smectic layers. This situation could possibly provide a model for the smectic F phase. 1 . Introduction -The various liquid crystalline phases are characterized by long-range orientational ordering [1] . The elongated molecules are, on average, aligned with their long axes parallel to a preferred direction in space. In a nematic liquid crystal the molecules translate freely, and the centres of mass are distributed at random. Therefore the X-ray diffraction pattern contains no sharp reflections. Smectic liquid crystals, on the other hand, have a layered structure : the molecular centres are situated in a series of equidistant planes. In the X-ray diffraction pattern a sharp reflection is observed corresponding to the interplanar distance, which is of the order of the molecular length. In the smectic A and C phases the distribution of the centres of mass within the layers is random. The w nematic (N) and the smectic A phase (SJ have the optical properties of a uniaxial crystal; the smectic C phase (Sc) is found to be biaxial.
During the last few years much attention has been given to the nature of the intermolecular forces that (*) Part of this paper was presented at the « Conference Europ6enne sur les Smectiques Thermotropes et leurs Applications », Les Arcs (France), 15-18 December 1975. lead to the formation of an SA phase [2] [3] [4] or an Sc phase [5] [6] [7] [8] . A crucial question is whether the interaction between permanent dipole moments is important for the formation of the Sc phase. It is the purpose of this paper to provide a molecular basis for this discussion by investigating the type of smectic phases occurring in some series of compounds which have been selected because of specific structural differences. Section 2 begins with a review of the various theories for the Sc phase, with emphasis on the presumptions about the molecular properties of the constituent compounds. Section 3 discusses the smectic phases occurring in various terminally substituted azo-and azoxybenzenes. The p,p'-di-n-alkylazobenzenes [9] (9), where is the probability that the long molecular axis will form an angle between 0 and 6 + d0 with the preferred direction. The average degree of orientational ordering can be described by an order parameter [1] The distribution function J'(0) is related to V(O), the orientation dependent part of the potential, by j'(9) = (I/Z) exp(-V/kT) where Z is a normalization constant. In Maier and Saupe's theory [11] of the nematic phase V(9) is calculated in a mean-field approximation assuming that it comes from the anisotropic part of the dispersion forces. This leads to a set of self-consistent equations for 17 and v(9) that can be solved to give 17 versus temperature, yielding a NI phase transition at TNI. V(O) can be shown to be approximately proportional to the squared anisotropy of the molecular polarizability [12] .
In practice the elongated molecules often possess a skeleton of a electrons and additionally a central core of dclocalizcd vr electrons. Consequently the polarizability is to a large extent concentrated in the central part of the molecule, and therefore the molecules will prefer to have their central parts close together. This effect becomes more pronounced if the skeleton of Q electrons is extended. Thus in a homologous series the tendency to form smectic phases increases with increasing length of the molecules. This is generally accepted to be the origin of the occurrence of smectic phases, although some curious exceptions have been noted in the case of strongly asymmetrically substituted molecules [13] . McMillan has made these ideas more quantitative in a model that ignores the polarizability of the end groups, and takes a Gaussian distribution for the interaction between the central parts of the molecules [3] . The (2) . As a result a second-order phase transition SA SC is predicted at [5] where k is Boltzmann's constant and Boo the highfrequency dielectric permittivity. In this model the Sc phase is predicted to be biaxial provided the constituent molecules are biaxial [5] . If [6] has given a model of the Sc phase in which the repulsive, or steric, forces play a dominant role. The characteristic order is assumed to be mainly a result of the effect of the molecular shape on the packing problem for the liquid. In the case of the Sc phase the relevant factor is the zig-zag gross shape of the molecules, thought to be a result of end chains that are symmetrically attached to the molecules, and are not collinear with the central body of the molecules (see Fig. 1 b) . The model calculation starts by writing down an effective interaction between the molecules that simulates, at least qualitatively, the effect of the molecular zig-zag shape. This interaction is then used in a mean field calculation, assuming that the SA order is well established. Let u 1. u2 and u3 be unit vectors in a molecule-fixed coordinate system, u3 being along the long molecular axis. The zig-zag interaction between a pair of molecules 1 and 2 is taken to be [6] The first term accounts for the fact that the molecules interfere less with one another if their long and short axes align together. Consequently, the resulting Sc phase will be biaxial if the constituent molecules are biaxial. In this model there is no completely free rotation of the molecules around their U3 axis in the Sc phase. The second term in equation (6) A well-known case of an SA SC phase transition is found in terephthal-bis-butylaniline [16] figure 2 . The compounds of series I have also been discussed in reference [9] , but without explicit reference to the smectic phases. The transition temperatures given [24] ).
here should be considered as more accurate. For the higher members of series I, SA phases occur in addition to the N phases. This is easily established from the simple focal-conic or homeotropic textures and the occurrence of one sharp X-ray reflection at small Bragg angle in a powdered sample [19] . For n = 9 and n = 10 an additional SB phase is found. The textures of this phase are either blurred focal-conic or homeotropic, the latter again indicating uniaxiality. In the powder X-ray diffraction pattern two sharp reflections are observed (one at small, the other at large Bragg angle). This classification of the SB phase of (I, n = 9) has been confirmed from its complete miscibility with the known SB phase of N-(p-n-pentylbenzylidene) p'-n-hexylaniline [20] .
For the higher members of series II, Sc phases are observed below the N phases. Under the polarizing microscope either broken focal-conic textures or schlieren textures are observed. The absence of interference colours in the schlieren textures indicates a relatively large tilt angle directly below the NSc transition. The classification of the Sc phase of (II, n = 10) has been confirmed from its complete miscibility with the known Sc phase of p,p'-di-n-heptyloxyazoxybenzene [21] .
It is interesting to compare these results with those for the correspondingly substituted azoxybenzenes. The mesophases of the p,p'-di-n-alkylazoxybenzenes are described in reference [22] . The smectic phases of the higher homologues of this series are all SA (simple focal-conic or homeotropic textures, complete miscibility with the SA phase of series I). The mesophases of the p,p'-di-n-alkoxyazoxybenzenes are described in references [18] and [23] . The In order to investigate whether the asymmetric shape of the molecules affects certain mesophases, we finally consider the series (for n 7 from reference [24] ).
Note, however, that for (IV, n = 8) there is no SA phase; the Sc phase goes directly over into the N phase. For n = 9 an intermediate SA phase appears. The temperature range in which the SA phase is stable increases with increasing chain length. All the mesophases of series IV have textures similar to those of the corresponding mesophases of series III, with which they are also completely miscible. From the shift of the conoscopic cross observed in homeotropic samples the tilt angle has been calculated for (IV, n = 11) in the vicinity of TCA; the results are given in figure 5 . The numerical aperture of the conoscope was only 0.33 as determined by the condenser, corresponding to an angular field of view of about 400 in air. The absolute value of the tilt angle depends on the value of the maximum index of refrac- two-dimensional ferroelectric within the smectic layers (see Fig. 6b ). In the context of the present simple models it is not useful to compare the relative stability of the Sc phases depicted in figure 6a and figure 6b, which in general will depend on the ratio between the asymmetric dipole potential and the symmetric part of the total intermolecular potential. We suggest that figure 6b provides a possible model for the SF phase. Like the SF phase the model has the physical properties of the Sc phase. In addition it will be ferroelectric or anti-ferroelectric, depending on the sign of the interplanar interaction. The compounds studied here do not possess such an additional phase. These ideas would have to be tested on compounds showing an Sc and an SF phase [10] , which are unfortunately not easily available.
Finally we come to the effect which the symmetry of the shape of the molecules has on the formation of smectic phases. When comparing series IV with series III we first consider some isometric compounds that have the same number of CH2 groups but a different shape.
Compare for example :
We see that in compounds of the same length the tendency to form a smectic phase is greater in the case of a less symmetric shape. This conclusion was also arrived at by Malthete et al., who studied several isometric series in detail [28] . An 
